LEGIBILITY NOTICE

A ““major - purpose .of the
Technical Information Center is to
provide the broadest dissemination
possible of information contained in
DOE’s Research and Development
Reports to business, industry, the
academic community, and federal,
state and local governments.

Although portions of this report
are not reproducible, it is being
made available in microfiche to
facilitate the availability of those
parts of the document which are
legibie.

3



(ONE - 880903 |

Lea Alamos National Ledorstory is eperaned by the University of California for the United States Department of Energy nnder contract W-7403.ENG.36.

LA-UR--88~1366
DESS 009114

vimie: NE/R-QUANTITATIVE RECOVERY OF ACTINIDES FROM
NITRIC ACID WASTE STREAMS BY SOLVENT EXTRACTION
USING DHBECMP

AUTHORS): S. Fredric Marsh and Stephen L. Yarbro

DISCLAIMER

that its wse would ot infringe privately owned rights. Refer-

SUBMITTED TO: Mary Beth Gardner
American Nuclear Society
SPECTRUM '88
$55 N. Kensington
lLa Grange Park, IL
60525

complctencss, or uscfulacss of any information, apparatus, product, or
10 any specific commscrcial product, process, or sexvice by trade name, trademark,

disciosed, or represests

This report was prepared 25 an accoust of wouk spomsored by a» agency of the United States

Goveramscw. Neither the United States Goverameal nor any ageacy thereol, nor any of their
cmployees, makes any warrasty, cxpress or impbed, or assumces any Jegal hiability or respoasi-

bility for the accuracy,

man:factucer, of otherwise does 20t necessasidy comstitwte or imply its eadorsement, recom-

prooess
cace hessii

By 500uptance of this arieie. the PUBHSN 80egnises et the LS. Gover
' 8. Government retaing & nonessivaive,
10 BUBKENee form f e aenTIBuTN, o 10 Show siters 1o G0 00, for UD. Oevernment surmoese | reereduee

The Los Alames Netona! Laberatery requests that the Publishe: Nty this Ortislo 00 wirk POTiormed Undet NS SUSpians of 1he U.8 Department of Snergy

and opimions of asthors cxpressed hereis do sot seressasily state or reflect those of the

mendation, or favoriag by the United States Governaxat or any ageacy thereof. The views
United States Govermment or aay ageacy thereof.

¢ A] Los Alamos National Laborat
@S | amC@S Los Alamos,New Mexigo%%'g

=y

BISTRIBUTION QF THIS JOCUMENT (8 UNLIMITED


About This Report
This official electronic version was created by scanning the best available paper or microfiche copy of the original report at a 300 dpi resolution.  Original color illustrations appear as black and white images.



For additional information or comments, contact: 



Library Without Walls Project 

Los Alamos National Laboratory Research Library

Los Alamos, NM 87544 

Phone: (505)667-4448 

E-mail: lwwp@lanl.gov
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INTRODUCTION

Plutonjum is recovered and purified from »a
wide variety of impure materials at the Los
Alamos Plutonium Faclility. Anion exchangs and
peroxide precipitation, the major aqueous sep-
aration procemses, both recover plutopium f(rom
pitric acid media. The acidic waste streams from
these processes typically coutain small quantities
of residu~l plutonium intermixed with all radio-
active and ponradioactivs impurity slements.

These waste streams usually are reduced In
volumes by evaporation, after which the concen-
trated residue is amsayed for plutonlum ocontent.
If the plutonjum level is sufficiently low, the
residue I8 discarded according to cpproved
disposal procedures. If plutoniuvm exceeds the
discard level, however, the entire batch of rasidue
must be recycled.

Recycle of such residues to recover small
quantities of plutonjum from already-separated
impurities, Including Am-24), the main sour.e of
gamma activity in these matserials, s highly
undesirable. It is far to eliminate the need for
recycls by ioitially keeping plutonium out of the
waste stresm, Yot even those waste solutions
that are free of plutonium contain the total
quantity of separsted americium intermixed with
kilogram quaptities of nooradioactive impurities,

If all actinide slements could be adequately
secparated from these waste solutiens, the larps
volumes of liquid couid then be discarded I. x-
pensively o3 low-levei waste.  The multikilogram
qQuantities of aonradioactive Impurity salu dis-
solved in the liquid waste alao could be dispored
of a1 low-level waste, rather than require
cement-fixation and burial a3 Is now done. The
economic (and political) incentive to sslectively
recovar the alphs-emitting actinides frem the bulk
of the nonradioactive  waste components s
thercfore great.

SELECTIVE EXTRACTION OF ACTINIDES

Certain  carbamoy!methylphosphoryl  extract-
ants are of special value within the nuclear
industry. Of thess compounds, carbamoylmathyl-
phosphonstes and carbamoylmethylphosphine oxides
appsar to bs the most selective for extracting
actinides from mitric acid. Of particular 1ig-
nificance is that actinides are highly extractable
in their (III), (1V), snd (VI) oxidation states,
which often eliminates tne usual need for prior
oxidation state adjustment.

The value of dlhexy!l-N,N-djethylcarbamoyl-
methylphosphonate (DPHDECMP) has been kbown
for the past decade. More recently, researchers
have developed octylphenyl-N,N-dilsobutyl-
carbamoylmethylphosphine .oxide (CMPO) as th
extractant for the proposed TRUEX process.
(The strucivres of DHDECMP and CMPO are
shown ia Figl) CMPO wubquestionable i3 a
stropger extractant than DHDECMP; however, the
stronger extraction from dilute acid, as well,
makes back-extraction of actinides from CMPO
into dilute acid more difficult.

By contrait, most actinides that extrsct wsll Into
DHDECMP from moderate concentrations of aitric
acid, readily backesxtract into dllute nitric scid.
DHDECMP also s more selective in rejecting
commoB impurity elements (Fig. 2). Until  very
recectly, however, the lack of a commercial
source of  high-purity DHDECMP precluded it
sviluation on a plant scels.

That disadvantage wasr eliminsted in 1987
when high-purity DHDECMP became available from
Occidental Chemieal Corp., who_ uses & patented
phase trunsfer  catalysls process to aynthesize
thiv compound. The advent of this pew source of
the pure compound prompted us to evaluate
DHODECMP for removing actinides from nltric acid
waste streams ot Lor Aismos. We slin elected to
include a comparable evaluation ef CMPO as part
of cur study,
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Fig. 1. Chemical Structure. of octylphenyi-N,N-
diisobutylcarbamoyimethylnhosphine oxide (CMPO)
and dihexyl-N,N-diethylcarbamoylmethylphospho-
aste (DHDECMP).
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Fig. 2. Distridbution of many slements on

DHDECMP utrsctlon chromatography column from
5.5 M nitric acild.

Variadles of this study joncluded the extractent
(DHDECMP or CMPO), the ratio of extractant to
added tridutylphosphate (TBP), the selected
diluent, aitrate concentration, the ratio of nitrate
|‘|lt to aitric acid, fluoride levsl, and contact
time,

EXPERIMENTAL RESULTS AND DISCUSSION

Expsrimental  distribution  dats
presented in a format that illustrates the e¢ffect
of a singls variable. Because our study evaluated
multiple variadbles, however, we selscted a format
that allows individua! and interactive effects to
be presented i. a single figure.

ususlly are

. Statistics
| effects of
_ ratio, and fluoride concentration.

This “tree” format
Beckmau, Los
Group,
totel

suggested by Richard ).
Alamos  National  Laboratory
simultaneously illustrates the
nitrate, aitrate salt/nitric acid

The two diluents evaluated in our study were
tetrachloroethylene (TCE) and Isopar-H, a purified
mixture of Cg9 to C)s isoalkanes.  Of these,
lsopar-HH was preferre because TCE caused
persistent organic dispersions that were difficult
to separate from the aqueous phase, and alto
because TCE is an order of magnitude more
volatile than Isopar-H.

A major conclusion of our study was that the
more-than-adequate extraction of actinides from
high nitrate solutions and the efficient back-
extraction from low nitrate solutions make
DHDECMP the preferred extractant for this
application. Because apace limitations restrict the
aumber of Figures that can be included in this
article, only Isopar-diluted DHDECMP extraction
data are presented herein. However, a _more
complete data presentation is avallable elsewhere.

Cpmparative extraction data for Am(IIl), Pu(lV),
and U(V]) are presented in Figs. 3, &4 oend 8,
respectively. The ©behavior of these three
actinides can be assumed to represent the generai
behavior of other actinides in their trivaleat,
tetravalent, and hexavalent oxidation states.

CONCLUSIONS
1. DHDECMP extracts Am(Ill), Pu(lV), ssd U(VI])

! well from solutions that contsin moderate to high

levels of nitrate, either as wmitric scid or aitrste
salts.

2 Higher nitrate salt levels increase the
extraction of all three actinidet; however, the
sahancement is greatest for Any(Ill).

3 Thse extraction of

Am(lIl) is  enentially
unaffectad by the

maximum level of 005 M
fluoride. U(VI) extraction is slightly supp.ested
by this lavei of fluoride, whereas Pu(lV)
sxtraction s strongly suppressesd.

4.  Fluoride suppresses the extraction of Pu(lV)
most at [low npitrate concemration:. The
intentional addition of fluoride tharefore could be
used to facilitate the BPackeextraction of Pu(lV)
iato diivte acid.

S.  Am(ill) readily bdack-extrr 3ts from DHDECMP
fato dilute aitrate solutions. Fluoride enhances
the backesxtraction of Pu(lV) into dilute aitrate
solutions. U(VI), bowever, ¢oes adt e¢asily back:
extract, even with fluoride pressnt.
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Fig. 3. Extraction of Am(Ill) lato 0.75 M DHDECMP/1.00 M TBP/Isopar H as a funciion of
aitrate concentration, nitrate ssit/nitric acid ratio, and flworide concentration.
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Fig. 4. Extraction of Pu(1V) into 0.75 M DHDECMP/1.00 M TBP/Isopar H as & fudction of
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Fig. S. Extraction of U(VI) into 0.75 M DHDECMP/1.00 M TBP/Isopar H us » function of pitrate
concentration, nitrate salt/aitric scid ratio, and fluoride comcentration.

6. TMNe wnique combipation of adequate extraction
fromw  moderste-to-high  mitrate  eolutioas and
efficient back-sxtraction from low aitrate
solutions justifies the sslection of DHDECMP as
the extractant of choice for recovering sctinides
from 8Queons ajtrate waste streams from
plutonium process operations.
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